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Abstract: Low bone mineral density (BMD) is one of the most frequent complications of
anorexia nervosa (AN). We report the clinical outcomes of a female patient with severe AN,
whose chest had become deformed due to thoracic fracture. Lumbar BMD was 0.358 g/cm?
(T-score = —6.3), and total hip BMD was 0.411 g/cm? (T-score = —4.4). Active vitamin D
increased these parameters by 81.0% and 57.4%, respectively, but a drop in her nutrition status
afterward resulted in a sharp decrease in BMD values. These findings suggest that adequate
nutrient intake is essential for effective osteoporosis treatment in patients with AN.
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Introduction

Anorexia nervosa (AN) is a severe eating disorder characterized by low body weight,
intense fear of weight gain, and undue influence of weight and shape on self-evaluation.!
The overall age- and sex-adjusted incidence rate of AN is reportedly 4.1 per 100,000
person-years (95% CI: 2.4-5.9), with a female-to-male ratio of age-adjusted rates of
1.2:1.2 AN tends to manifest during adolescence?® and has the highest mortality rate of
any psychiatric disorder, with no gold standard treatment* and high therapy dropout
and relapse rates.

One of the first treatment approaches that were based on Bruch’s observations
was the “Maudsley model” of family therapy, in which the aim was to put patients in
control of eating behavior.> Approximately two-thirds of patients who receive this
treatment as a form of early intervention show good recovery after 1 year, and this
intervention is now recommended as a first-line treatment for adolescents with AN.°
However, it is important to note that this approach was not found to be effective if
the illness had persisted for more than 3 years, or if the onset of the disorder occurred
after the age of 18 years.

Numerous reports on AN and osteoporosis (OP) have surfaced over the past
3—4 decades. El Ghoch et al’ recently reviewed that diminished bone mineral density
(BMD) was one of the most frequent medical complications in AN; nearly 85% of
females with AN have very low BMD, and consequently, a sevenfold increase in
the risk of spontaneous fracture compared with healthy controls. McAnarney et al®
described multiple rib fractures in a patient with AN as a result of forced vomiting in
an individual with fragile bones. Khosla et al? reported a preponderance of cancellous
bone fractures in AN individuals (vertebral: 81%; rib: 37%; wrist: 13%), with 13%
experiencing hip fracture.
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The current first-line drugs for OP are bisphosphonates
(BPs). Third-generation nitrogen-containing BPs inhibit
farnesyl pyrophosphate synthetase in the mevalonate path-
way in osteoclasts.” Various other drugs have been described
for patients with OP, such as the active vitamin D analog
and lo (OH) vitamin D, (alfacalcidol; ALF), frequently
used in Japan.

Concerning the treatment of adolescents with AN and OP,
most methods tested (eg, hormone replacement, oral contra-
ceptive pills, and BPs) have yielded only modest or negligible
BMD improvements,'® with no data on the effectiveness
of other strategies, such as physical activity intervention
and/or the available nutritional supplementation (calcium,
vitamin D, etc).® The only promising pharmacological treat-
ment to date has been physiological estrogen replacement
by means of transdermal estradiol associated with cyclic
progesterone, which, despite comparable weight gains, was
associated with a significantly greater increase in spine and
hip BMD than a placebo in non-severely underweight adoles-
cents with AN." However, these findings require replication
in patients with more severe malnutrition.

Case report

The patient was a 32-year-old female with a weight of 43 kg
and a height of 157 cm. Since she has refused to know her
body weight at all times, we have not measured it after she
visited us for the first time. She had a medical history of pubic
fracture and had been an outpatient at Shinshu University
School of Medicine for 10 years following hospitalization
for severe weight loss.

Her chief complaints were bilateral thoracic pain that
had suddenly manifested 1 month prior and a common cold
persisting for 2 months. The pain was obvious when taking
a deep breath, coughing, or rolling over. The rib cage
had become deformed to resemble the circumference of a
barrel.

On presentation, her lumbar 1-4 BMD (L-BMD) was
0.358 g/cm? (T-score = —6.3), and bilateral total hip BMD
(H-BMD) was 0.411 g/cm? (T-score = —4.4). Spinal plain
radiographs showed no apparent fractures. Serum albumin
was 4.3 g/dL, and 1,25(0OH), D, was 35.1 pg/dL; both were
within normal range. Serum bone alkaline phosphatase
(BAP) was 212.0 U/L, and urinary N-terminal telopeptide of
type I collagen was 226.0 nmol BCE/mmol Cr, which indicated
extremely accelerated bone metabolism (Tables 1 and 2). She
was diagnosed as having OP based on BMD measured by
dual-energy X-ray absorption, for which ALF treatment was
soon commenced. Thoracic pain subsided thereafter.

Table | Changes in serum TP, Alb, and ALP

oP OM 2M 1Y 2Y 25Y 3Y Unit Reference
TP 6.6 6.5 65 68 59 49 g/dL  6.6-83

Ab 43 4.3 43 45 39 34 gdL 3749
ALP [,187 1,092 307 215 177 124 U/L 105-368

Abbreviations: Alb, albumin; ALP, alkaline phosphatase; M, month(s); OP, obse-
rvational period; TP, total protein; Y, year(s).

The values of bone turnover markers were gradu-
ally decreased after the therapy. At 3 years of treatment,
alkaline phosphatase was 124 U/L (89.6% decrease from
peak value), and BAP was 11.6 U/L (94.9% decrease from
peak value). 25(OH)D and deoxypyridinoline values were
slightly elevated, and tartrate-resistant acid phosphatase-5b
was within normal range, showing no obvious acceleration
of bone metabolism.

In 8 months of treatment, the percentage changes of L-BMD
or H-BMD were increased to 70.7% or 41.4%, respectively.
With respect to the peak values, L-BMD was 0.647 g/cm?
(T-score = —2.4; 81.0% increase; Figure 1), and H-BMD was
0.648 g/cm? (T-score = —3.5; 57.4% increase; Figure 2).

She started to complain of deterioration of unbalanced
diet and weight loss after the 2.5-year treatment. Her nutri-
tional status soon degenerated, and serum albumin decreased
to 3.4 g/dL. At 4 years of treatment, L-BMD had fallen to
0.484 g/cm? (T-score = —4.7; 25.2% decrease from peak
value), and H-BMD was 0.605 g/cm? (T-score =—2.7; 6.6%
decrease from peak value).

This patient gave written informed consent to publication
of the patient’s personal medical information prior to her
inclusion in this report.

Discussion

There have been numerous reports of accelerated bone
resorption and inhibited bone formation in AN.'>!® In the
current case, both bone resorption and bone formation were
initially accelerated. We previously reported that bone turn-
over markers were significantly increased with accompanying
back pain in elderly women, presumably due to insufficiency
fracture,'” and that various bone fragility fractures might
increase bone turnover markers.'* Our patient had suffered
multiple fractures prior to her visit to our facility, and her
thoracic circumference resembled that of a barrel. Thus, her
fractures might have caused a remarkable increase in bone
turnover markers. Despite the nonuse of bone anti-resorptive
drugs, her BAP decreased from 228.0 to 11.6 U/L (94.9%)
over 3 years, suggesting that bone metabolism improved from
fracture healing. In patients with AN showing exceptional
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Table 2 Changes in serum BAP, urinary NTX, I, serum 25(OH),D,, 25(OH)D,, DPD, ucOC, and TRACP-5b

oM 2M 1Y 2Y 25Y 3Y Unit Reference
BAP 212.0 228.0 55.0 29.1 22.6 1.6 U/L 9.6-35.4
Urinary NTX 226.0 276.2 152.9 92.5 118.2 - nmol BCE/mmol Cr 95-54.3
1,25(0H),D, - 35.1 433 - - - pg/mL 20-60
25(0OH)D, - - - - - 5.0 ng/mL 7-41
DPD - - - - - 1.7 nmol BCE/mmol Cr 2.8-7.6
ucOC - - - - - 0.38 ng/mL <4.5
TRACP-5b - - - - - 149 mU/dL 120-420

Abbreviations: BAP, bone alkaline phosphatase; DPD, deoxypyridinoline; M, month(s); NTX, N-terminal telopeptide of type-l collagen; TRACP, tartrate-resistant acid

phosphatase; ucOC, undercarboxylated osteocalcin; Y, year(s).

bone metabolism, especially the enhancement of bone
formation marker, very severe AN complicated with fracture
and pain is highly probable.

Evidence from a large number of studies has suggested
that weight recovery in adolescents with AN may not be suf-
ficient to fully reverse the detrimental effects of prolonged
undernutrition on skeletal development. The benefits of
exercise and calcium/vitamin D supplementation on BMD
in patients with AN are also equivocal.'* Russell et al'” have
reported that BPs can be an agent to treat AN except for
premenopausal women and that the increase in L-BMD or
H-BMD was 3%—4% or 2%, respectively. Isobe et al'® have
recently reported that denosumab was effective for three
patients with AN. In their report, the increases in L-BMD or
H-BMD in those three cases were 15.7%, 18.6%, or none,
and 35.2%, 11.6%, or 10.7%, respectively. Compared with
those data, this study showed that the increase in L-BMD
or H-BMD was 81% or 57.4% at the best during the study
period, which showed a much better improvement than that
in their study."”

In this article, the increase in L-BMD was 70.7% and that
in H-BMD was 41.4% at only 8 months of the treatment,
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Figure | L-BMD (0.358 g/cm?; T-score = —6.3) prior to treatment.

Note: At 3 years of therapy, it was 0.647 g/lcm? (T-score = —2.4; 57.4% increase).
Abbreviations: BMD, bone mineral density; L-BMD, lumbar |—-4 BMD.

which was too excellent considering her therapy being
vitamin D alone. In our report on pregnancy and lactation-
associated OP, we described two cases occurring in the early
postpartum period that led to multiple spinal compression
fractures.' BMD gains were impressive in the early phases of
treatment by combined vitamins D and K as follows: 19.7%
at 1 year, 23.3% at 2 years, and 36.1% at 4 years in one case
and 13.3% at 1 year, 17.3% at 2 years, and 26.3% at 3 years
in the other (unpublished data). Thus, combination vitamin D
and K therapy enabled a marked gradual increase in BMD
in pregnancy and lactation-associated OP. In these cases,
T-score of L-BMD was —3.6 SD and —3.7 SD, respectively,
revealing that the BMD values were decreased markedly.
In this study, the T-score of L-BMD or H-BMD was —6.3 SD
or —4.4 SD, those of which were greatly decreased compared
with those in their cases.!® Based on those findings and the
results of the current case of AN, decreased BMD by repeti-
tive fractures could be naturally recovered to some extent?
We speculate that vitamin D and/or K may be instrumental
in this process.

When our patient’s AN status deteriorated after year 3,
serum albumin became decreased from 4.3 to 3.4 g/dL and
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Figure 2 Total hip BMD (0.41 | g/cm? T-score = —4.4) prior to treatment.

Note: At 3 years of therapy, it was 0.648 g/lcm? (T-score = —3.5; 81% increase).
Abbreviation: BMD, bone mineral density.
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25(OH)D, remained at 5.0 ng/mL regardless of active
vitamin D administration. Serum 25(OH)D, is the major and
main storage form of vitamin D whose sufficiency level is
estimated as 2030 ng/mL. Therefore, 5.0 ng/dL represented
a serious vitamin D deficiency, and BMD rapidly decreased
irrespective of vitamin D continuation. Jauregui-Lobera
et al'” reported that the most effective strategy to recover
BMD in AN seems to be weight gain and menstrual recovery.
Indeed, the improvement in nutrition may supersede all other
treatment modalities for OP associated with AN.

Overall, it appeared that worsened AN causing inadequate
nutrition and a rapid decline in BMD that was refractory to
active vitamin D therapy may have increased our patient’s
risk of fracture. Accordingly, anti-resorption drugs may be
advocated for OP complicated with AN, especially when
nutrition status may become compromised.
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